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By R. L. Gillins, Rockwell Inteérnational Space Division f?
ABSTRACT ; ‘

This report presents résults of tests conducted on an 0.030-scale

launch configuration model of the Space Shuttle Vehicle 140A/8 in the NASA/

o ARC 9- by 7-Foot Unitary Plan Wind Tunnel. Aerodynamic loads data were
- obtained at Mach numbers of 1.55 and 2.2.

Surface pressure distributions.were obtained simultaneously with six-

component stability and control force data on the complete launch configu- ?
ration. The configuration consisted of the orbiter, an external tank, two

solid rocket boosters, and associated intercomponent attach hardware. Angles

of attack and sideslip from -8 degrees to +8 degrees were ifvestigated.

The tests, designated IA14B, were conducted from 17 September 1973 through
Y 19 September 1973.
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INDEX OF DATA FIGURES (FORCE)

PLOTTED
CONDITIONS  COEFFICIENTS
FIGURE TITLE VARYING SCHEDULE.  PAGES

4 LVAP (01 T12 S12 N25 AT11),  ALPHA A 1-7
MACH = 1.55 (TANK + SRM
BALANCE)

5 LVAP (01 T12 S12 N25 AT11),  ALPHA A 8-14
MACH = 2.2 (TANK + SRM
BALANCE)

6 LV (01 T12 S12 N25), MACL =  ALPHA A 15-21
1.55 (TANK + SRM BALANCE)

7 LV (01 T12 $12 N25), MACH =  ALPHA A 22-28
2.2 (TANK + SRM BALANCE)

8 LVAP (01 T12 S12 N25 AT11),  ALPHA A 29-35
MACH = 1.55 (ORBITER
BALANCE )

9 LVAP (01 T12 S12 N25 AT11),  ALPHA A 36-42
MACH = 2.2 (ORBITER
BALANCE )

10 LV (01 T12 12 N25), MACH = ALPHA A 43-49
1.55 (ORBITER BALANCE)

n LV (01 T12 S12 N25), MACH = ALPHA A 50-56

2.2 (ORBITER BALANCE)

PLOTTED COEFFICIENTS SCHEDULE:
A) CN, CLM, CA, CAF, CY, CYN, CBL versus BETA
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INDEX OF DATA FIGURES (PRESSURE)

PLOTTED
CONDITIONS COEFFICIENTS
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EXTERNAL TANK BASE PRESSURES TAP NO., ALPHAT G 289-304

ORBITER ATTACH POINTS PRESSURE Y;BW, ALPHAQ, F - 305-328
X/L8

"EXTERNAL TANK ATTACH POINTS PRESSURES Pylf ALPHAT, . .. G 329-400
X/L

EXTERNAL TANK BASE RAKE PRESSURES TAP NO., ALPHAT G 401-406

PLOTTED COEFFICIENTS SCHEDULE:

A) CP versus X/LB E) CP.versus X/CV

B) CP versus X/LT F) CP versus BETAO

C) CP versus X/LS G) C(r versus BETAT

D) CP versus X/CW




INDEX OF DATA FIGURES (PRESSURE) - CONTINUED

The plotted pressure data, presented as a function of angle of side-
slip, angle of attack, and geometric parameters,are representative of the
A summary of the pressure dita

tabulated data presented in Volume 2.
plotted is given below.

DATASET
PLOTTED

RB3B12
RB3B13

RB3T12
RB3T13

RB3S12
RB3S13

RB3U12
RB3L12

RB3U13
RB3L13

RB3V12
RB3R12

RB3V13
RB3R13

RB3C12
RB3C13

RB3E12
RB3E13

RB3X12
RB3X14

RB2Y12
RB3Y13

RB3112
RB3113

COMPONENT

ORB. FUSELAGE
ORB. FUSELAGE

EXTERNAL TANK
EXTERNAL TANK

SRM BOOSTER
SRM BOOSTER

UPPER WING SURF,

..LOWER WING SURF.

UPPER WING SURF.
LOWER WING SURF.

VERT. TAIL LT.
VERT. TAIL RT.

VERT. TAIL LT.
VERT. TAIL RT.

ORBITER BASE
ORBITER BASE

OMS NOZZLE
OMS NOZZLE

SRM BASE
SRM BASE

E. T. BASE
E. T. BASE

SURF.
SURF.

SURF.
SURF.

ORB. ATTACH POINTS
ORB. ATTACH POINTS

GEOMETRIC
PHI BETA ALPHA  PARAMETER

MACH SCHED. SCHED. SCHED.  SCHEDULES

2.2 (A) (A) (A)

1.55  (A) (A) (A)

2.2 (8B) (A) éA)

1.55  (B) (A) A)

2.2 () (A (A)

1.5 (C) (R) (A)

2.2 - (A) (A) Y/BW (A)

1.85 - (A) (A) Y/BW (A)

2.2. - (A) (A) 2/8V (A)

1.55 - (A) (R) Z/8V (A)

2.2 D) (A (A TAP NO. (A)

1.55 (D) (A (A TAP NO. (A).

2.2 55; A) (A} X/LNM (A

1.55  (E) ... (A) (R) X/LNM (A

2.2 ) B; $B X/LS &A;

2.2 9 B B x/LS (A

2.2 (D) A) (A TAP NO. (8B)

1.55 (D) A) (A TAP NO. (B)

2.2 - (A) A; SEE

1.5 - (R) A PLOTS
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INDEX OF DATA FIGURES (PRESSURE) - CONCLUDED
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GEOMETRIC
DATASET PHI BETA ALPHA  PARAMETER
PLOTTED COMPONENT MACH SCHED. SCHED. SCHED.  SCHEDULES
RB3212 E. T. ATTACH POINTS 2.2  SEE gs; (8 SEE
RB3214 E. T. ATTACH POINTS 2.2 PLOTS (B (8 PLOTS
RB3312 E. T. BASE RAKE 2.2 (F (8 {s; TAP NO. c;
RB3314 E. T. BASE RAKE 2.2 (F (8 B TAP NO. (C

PARAMETER SCHEDULES |

ALPHA

SCHEDULES (Ag
(8

BETA
B)
8
PHI
A)
B;
¢
D
E
(F
\
/BW )
Z/8V
(A)
X/LNM
(A)
X/LS
(A)
TAP NO.
. A)
B)
(C)

- ."'.8., -4 9

"8’ ‘4g 09 8
-8, -4, 0

‘8’ ‘4’ 0:
0

0, 20, 40, 55, 70, 90, 120, 135, 150, 165, 180

0

0
135, 180, 225
180

» 30, 60, 90, 120, 135, 150, 165, 180, 270
0, 45, 90, 135, 180, 225, 270, 315

.299,..364, .427, .534, .673, .780, .887

.168, .316,. .600, .840, .925

02’ .4

.948, .979, .993

1,2, 3,4,5
501, 502, 801, 802
790, 789, 788, 787

» 803, 804
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INTRODUCTION

The 0.030-Scale Aero Loads Space Shuttle model was tested in the ARC

‘Unitary Plan Wind Tunnel as follows:

1A14A 4 thru 13 Sept. 1973
IA148 17 th*u 19 Sept. 1973
0A22A 13 thru 14 Sept. 1973
0A228 19 thru 20 Sept. 1973

The testing was conducted in the 11-foot and the 9- by 7-foot tur 'ol:
of the ARC Unitary Plan Wind Tunnels. The IA14A/B tests were for the launc
configurations at Mach numbers from 0.6 thru 2.2. The 0A22A/B tests were fur
the orbiter alone corifigurations at Mach numbers from 0.6 thru 2.2. The ef-
fects of control surface deflections were also investigated in tests 0A22A/B.
This report for test IA14B consists of two volumes. The first volume
contains all force data and the plotted pressure data. The second volume
contains the tabulated pressure data.
Volume No. Contents Page

1 " IA14B force data
IA14B plotted pressure data

2 IA14B tabulated pressure data

ia; Orbiter fuselage (B) 1-84
b} Orbiter base (C) 85-108
c) OMS nozzle (E) 109-136
d) Body flap (F) 137-160
e) OMS pod outside (M) 161-184
f) Lower wing surface (L) 185-288
g) Upper wing surface (U) 289-392
h) Left vertical tail surface (V) 393-428
i) Right vertical tail surface (R) 429-464
53; SRM booster (S) 465-528
k) External tank (T) 529-596
(1) SRM nozzle (X) 597-608
?m) Externdl tank base & SRM booster base (Y) 609-632
n) Orbiter attach points (1) 633-700
/o) External tark attach points (2) 701-730
(p) External tank base rake (3) 731-738 !
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NOMENCLATURE
General

s§ﬁ%§£ DEFINITION

opced of sound; m/sec, ft/cec
CP precsure coefficient; (P, - pPm)/a
MACH Mach number; V/a

pressure; N/m¢, psf
Q(NSMg dynemic pressure; 1/2pV°, N/m?, psf
Q(PsF
RN/L unit Reynolds number; per m, per ft

velocity; m/sec, ft/sec '
ALPHA sngle of attack, degrees
BETA angle of sideslip, degreeu
PSI angle of yaw, degrees
PHI angle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base area; me, ft2
BREF reference spen; m, £t

center of grevity

reference length or wing mean

serodynemic chord: m, ft
SREF wing erea or reference srea; m-, ft°
MRP moment reference point
XMRP moment reference point on X exis
YMRP moment reference point on Y sxis
ZMRP moment referencs polnt on 2 axis

base

local

static conditions
totnl conditions
free stresm
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NOMENCLATURE (Continued) s
Body-Axis System

I R

PLOT
SYMBOL DEFINITION
cN normel-force coefficlent; .“_@'Llsf_m'.ﬂ _ .
q i
CA sxiel-force coefficient; &l_ss’gl;cs
q
cY side-force coefficient; ‘sid_esfm Y
q
CAB bese-force coefficient; EES_S.@E?.
q
~Ap(pp - Pw)/a8 ' ’
CAF forebody exisl force coefficlent, Cy = Cp :
CIM pitching-moment coefficient; itching moment
9SLREF
CYN yeving-moment coefficient; La“_i’.’.gs_'gm_f_m
CBL rolling-moment coefficient; roni%g_bmoment
Stebility-Axis System
1ift coefficient; 2ift
QS
drag coefficient; drsg H
qs :
CDB base-drag coefficient; 1&5_8&5
CDF forebody drsg coefficient; Cp - ('Db
cY - side-force coefficient; .siil‘zg___&rﬂ :
CIM pitching-moment coefficient; Ritching moment
qQSIREF i
CIN yawing-moment coefficient; M_‘lgg%i'ﬂeﬁ ;
csL rolling-moment coefficient; roll:%emoment
L/D 1ift-to-drag retio; Cp/Cp

mﬂ&’ﬁ\‘ﬁ% 10




Lrer
MRC

Plot
Symbo1

CAB

CAF

LREF

ELEVON
BDFLAP
RUDDER

SPDBRK

ORBINC

BETAT

NOMENCLATURE (Continued)
Additions to Standard List

Definition

model base area, subscript is base orifice number
and identifies location

model base axial-force coefficient. ..

model static pressure coefficient, subscript is
orifice number, [P( ) - P 1/q

axial-force coefficient, unadjusted

forebody axial-force coefficient, CAU adjusted for
base terms

external tank

integrated vehicle, consists of orbiter, external
tank, and two solid rocket motors

referénce length, inches
moment reference center

orbital maneuvering system

elevon, surface deflecton angle, positive deflection
trailing edge down, degrees

orbiter body flap deflection angle, positive de-
flection angle is trailing edge down, degrees

rudder, surface deflection angle, positive deflection
trailing edge to the left degrees

speed brake deflection angle, split rudder deflection
angle, left split rudder trailing edge left and right

split rudder trailing edgé right, 8sg * (GRL + 8pp)/2,
positive deflection, degrees

incidence angle between the orbiter and external
tank, 10 = ay = ar, degrees

angle of siueslip of external tank

n
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x/fy
x/0t
x/Lg
x/Exm
x/0xp

x/c

ALPHAT
LB

LT

LS
LNM

LNP

BW
BV

CW
cv

X/LB
X/LT
X
X/LNM
X/LNP

X/CwW

NOMENCLATURE (Continued)

angle of attack of external tank
Tength of orbiter body, in
length of external tank, in

length of SRM booster, in

length of OMS nozzle, positive direction forwar<
of exit plane, in

length of MPS nozzle, positive direction forward
of exit plane, in

wing semi-span, in

vertical tail span, in

distance from component nose, in
lateral distance from centerline, in

vertical distance measured from W.L. 500 /vertical
tail reference root chord), in

local wing chord, in

local vertical tail chord, in

longitudinal position/orbiter body length
longitudinal pos:tion/external tank length
longitudinal position/booster length
longitudinal position/OMS nozzle length
longitudinal position/MPS nozzle length

local chordwise position/local wing chord length

12
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meApema e, = S

s S

X/CV

Y/BW
Z/BV
XCP/L

BETAO
ALPHAO

NOMENCLATURE (Concluded)

local chordwise position/local vertical tail
chord length
local spanwise position/wing semi-span

local spanwise position/vertical tail span

center of pressure distance from MRC, expressed as
a fraction of body length

angle of sideslip of orbiter

angle of attack of orbiter

13
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CONFIGURATIONS INVI'STIGATED

The 0.030-scale Aero Loads Model, 47-0TS, was configured after the
Shuttle Vehicle MCR 0200 Baseline R1, as defined in drawing number VL72-
0000888. The orbiter was a combination of the VL70-000140A orbiter and
a VL70-0001408B wing and midbody, from which the 140A/B designation was
derived. The basic launch configuration, designated 0y Ty2 Sy2 Ngs,
consisted of the orbiter, an external tank with simulated fuel and vent

1ines, and two solid rocket boosters.
Two launch configurations were tested. Both were mounted on a dual

balance ahd sting arrangement illustrated in figure 2c. One was the

basic configuration mounted on a dual balance and sting arrangement i1-
lustrated in figure 2a. The second configuration contained simulated
attach hardware designated AT17, which was attached to the orbiter but

not to the external tank, illustrated in figures 2b and 2d. The SRB-to-ET
attach hardware was simulated at the forward attach location but not at
the aft attach location. Model and component general arrangements are

shown in figures 2d through 2n.

Component Descrintion

09 140A/B orbiter, less the main propulsion
system nozzles

T12 224-inch diameter external tank with ogive
raose and external fuel and vent lines

S12 143.3-inch diameter solid rocket boostérs

N2s Nozzles for Sy2 bcosters

AT1 Orbiter-to-ET attach hardware, fixed to

orbiter only

14
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LV 0) T2 Sy2 Mas
LVAP 01 T1z 542 N5 ATy
The orbiter, 0y, consisted of the following compoents: j
Bas Cg Fg My Nog Vg Rs Wyi6 Epe- ‘
Bog Double delta wing fuselage, 140A/B |
09 Canopy, 140A 3
F8 Body flap, 140A }
M; OMS pods, 140A |
Nog OMS nozzles, 140A
- Vg Vertical tail, 140A
Rg Rudder, 140A
. W16 Double delta wing, 1408
; 526 Elevons, 1408

Parametric investigations were limited to angles of attack and side-

slip with all orbiter control surfaces at 0° deflectfon.




INSTRUMENTATION .DESCRIPTION

The left side of the orbiter and the external tank, and the left hand
SRB were extensively instrumented with pressure orifices for measurement of
surface static pressure distributions. Additionally, there were clusters
of orifices around inter-component attach structure locations on the right
hand side of the orbiter and external tank. The orbiter contained 471
operational orifices, of which 83 were clustered around attach structure.
The external tank contained 270 operational orifices, of which 127 were
clustered around attach structure. The SRB contained 124 operational
orifices. A two-tube total pressure rake was installed in the opening between
the orbiter and external tank. Tables and sketches defining orifice locations
are included in this report. A1l model pressures were measured by model
mounted Scanivalve, Inc., S-type scanivalve modules - twélve in the orbiter,
seven in the external tank, and five in the SRB.

Force instrumentation consisted of a six-component internal force
balance in both the orbiter and external tank for the LV and LVAP configura-

tions.

16
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TEST FACILITY DESCRIPTION

The tests were conducted in the Ames 9- by 7-Foot Supersonic Wind
Tunnel. This tunnel is a variable density, continuous flow type with an
adjustable nozzle to permit supersonic testing over a Mach number range
continuously variable from 1.5 to 2.5. The nozzle is of the asymmetric,
sHding-block type in which the variation of the test séctioh Mach number
is achieved by translating, in the streamwise direction, the fixed-contour
block that forms the floor of the nozzle.

17 «
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DATA REDUCTION

Data were reduced to coefficient form about body axes using the

following reference constants:

Spep = 2.421 ft?
IREF = 38,709 in
A, = 0.07670 £t2
A, = 0.21340 £t2

Ay = 0.08560 £t2

A4 = (see table below)Orbiter speed brake base

= 2

0.44264 ft2

= 0.19600 ft

p o
0o
o
-—

!

0.16590 £t

Sep = 0 deg
SB " 14.92
24.92

34.92
54,92
84.92

XMRP =0 in
YMRP =0 in

ZMRP = 9.999 in

reference area for force dnd moment coefficients
reference length for moment coefficients

Orbiter .sting cavity

Orbiter heat shield base..

Orbiter OMS base (2)

Tank sting cavity
Tank base
SRM nozzle base (2)

SRM skirt base (2)

A4=0
0.02327
0.03866
0.05370
0.08252

0.12083

18

1



"MW R Ao T e e L s e

The incidence anqle between the orbiter and the external tank is
equal to zero for angle of attack dnf ngle of sideslip. Therefore, the
angle of attack, ALPHA, used in the force plots is equal to ALPHAO., ATso
the angle of sideslip, BETA, used in the force plots is equal to BETAO.

The force and moment data recorded by the orbiter and external tank
balances for configurations LV and LVAP are identified as RB3@XX and
RB3IXX datasets, respectively.

The pressure data wererecorded for each component. The fourth char-
acter in each dataset identifier (i.e., RB3BXX, B for fuselage) represents
the individual component. The following 1ist indicates the symbol for

each component.

SYMBOL COMPONENT
B Orbiter fuselage
Orbiter base :
OMS nozzle . :
Body flap ,

OMS pod outside
Lower wing surface
Upper wing surface

Right vertical tail surface

Left vertical tail surface

SRM booster

- < DD rrETmMm O

External tank

19
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COMPONENT

SRM nozzle

External tank base & SRM booster
Orbiter attach points

External tank attach points

External tank base rake

20
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1. Solid Rocket Boosters (SRB) - Lines and Configuration Control
Drawings

12. VL77-000036A, SRB Configuration Control MCR 0200 R}

13. VL77-000041, SRB Booster Assy, MCR 0200 Rl

14, Integrateéd Vehicle - Lines and Configuration Control Drawings

15. VL72-000088A, Shuttle Configuration MCR 0200 Baseline R}

16. VL72-000089, SRM-ET-Orbiter Int- .. Jisconnects MCR 0200
Baseline

17. VL72-000075, External Tank to SRB Attach Interface MCR 0074
Baseline

18. Rerv iLoads Model 47-0TS - Model Fabrication,-Assembly and

Installation Drawings
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19.

20.

2.

22.

230

240

25.

26.

27.

28.

29.

30.

3l.

32.
33.

)
$S-A00119, Orbiter Assy - .030 Scale Pressure/Loads Model
(140A/8 Lines)

$S-A00120, Assy & Details - EOHT - ,030 Scale Pressure/Loads
Model (140A Lines)

$S-A00121, Orbiter/EOHT Attachments .030 Scale Pressure/Loads
Model (140A Lines)

$S-A00122, Assy & Details - SRM - .030 Scale Pressure/Loads
Model (140A Lines)

$S-A00123, Assy & Details - Forebody - .030 Scale Pressure/Loads
Model (140A Lines)

$S-A00124, Assy & Details - Aft Fuselage - .030 Scale Pressure/
Loads Model (140A Lines)

$S-A00125, Assy & Details - Wing Splice Plate & Cuff - .030
Scale Pressure/Loads Model (140A Lines)

$S-A00126, Assy & Details - Vertical Stabilizer - ,030 Scale
Pressure/Loads Model (140A Lines)

$S-A00127, Amés 11-ft x 11-ft Wind Tunnel Installation -
.030 Scale Pressure/Loads Model (140A/B Lines)

$S-A00128, Ames 9-ft x 7-ft Wind Tunnel Installation - .030
Scale Pressure/Loads Model (140A/B Lines)

$5-A00130, Lines Control - Profile VL70-000140A - .030 Scale
Pressure/Loads Model (140A/B Lines)

W-1104S, Sting - Ames MK II 4" Balance (Male End), Ames
MK XX 2.5" Balance

W-1105S, Sting - Ames MK I1 4" Balance (Male End), RI MK I 2.75"
Balance

W-1106A, Adapter - Ames MK II, 4" Balance (Male & Female)

W-1107A, 13.5° Bent Sting Adapter Ames MK 1I. 4" Balance (Male 8. ... . ... ...

Female) e o v e ‘
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34,

35.

36

(DMS-DR-2084), "Airloads Investigation of an 0.030-Scale Model of
the Space Shuttle Vehicle 140A/B Launch Configuration (Model 47-0TS)
;nat??Aﬁﬁg)11-foot Unitary Plan Wind Tunnel for Mach Range 0.6 to

(DMS-DR-2130), "Airloads Investigation of an 0.030-Scale Model of
the Space Shuttle Vehicle 140A/B Orbiter Configuration (Model 47-0)
23A§gg)§Rc 11-foot linitary Plan Wind Tunnel for Mach 0.6 and 0.9

(DMS-DR-2131), "Airlcads Investigatior. of an 0.030-Scale Model of
the Space Shuttle Yehicle 140A/B Orbiter Configuration (Model 47-0)
in t?gAggc)9- by 7-foot Unitary Plan Wind Tunnel for Mach 1.55 and
2.2 B)"

23




TABLE 1.
TEST ¢  1A-148 IDATE $ 9-19-73
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE kTAGNATION TEMPERATURE, .
MACH NUMBER (per unit length) (pounds/sq. f£) |  (degrees Famenheit)
1.55 2.0 x 10° 430 120
2.2 2.75 x 106 580 120
BALANCE UTILIZED: 2.5-in MK XX (ORB.), 2.75-in MK I (ET)
CAPACITY: ACCURACY: T
"MK XX MKI MK XX MKI
NF 600017500 ~0.2210.2%
SF 300013750 0,2%10,2%
¢ __600] 700 0.2%40.2%
PM .
YM T ¢ A—— T e ——
COMMENTS:

T T S B Tl
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s ~ - I i l ! ! : ’ o
| (] TABLE III . - MODEL DIMENSIONAL DATA
-7 MODEL COMPONENT: ATTACH STRUCTURE - ATy
GENERAL DESCRIPTION: Attach structure, same as ATyn except the forward
DIMENSIONS: FULL SCALE  MODEL SCALE 3
FORWARD ATTACH ?
Orbiter to Tank 3,
: Location - In. .
X, 382.000 11.460
5: Xp 1133.000 33,990 o
Clearance, tank to strut - Im. 16.667 0.500
IRAG LINK ATTACH j
Orbiter to Tank | |
1 APT ATTACH ;
g -~ Orbiter to Tank
Crossover Rod :
:
: i
i %
i
: §
?
27
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TABLE III. - Continued.

MODEL COMPONERT:  BODY - Bog

GENERAL DESCRIFTION: Orbiter Fuseclaje Configuration 140 A/B

NOTE: Bor identical to Bag except underside of fusclage refaired to

accept Wyjq-

Modei Scale = .030

VL70-000193
DRAWING NUMBER: VL70-000140A
DIMENSIONS: " FULL-SCALE MODEL SCALE
Length (Body Fwd Sta X, = 238) - in. 1293.3 38.799
Max. Width (at X, = 1520) - in. T 262.0 7.860
Max. Depth (at X, = 1464) - in. 250.0 7.500
Fineness Ratio - 0,26357 0.26357
Area - ft?
Max. Cross-Sectional 340.88462 0.30679
Planform
Wetted
Base '
28
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TABLE III. - Continued.
MODEL COMPONENT;  CANOPY - Cg ;
. s,
GENERAL DESCRIPTION: Confisuration 33
Vodel Scale = :g3p
VL70-000140:
'DRAWING NUMBER . 70 e
DIMENSION: . FULL SCALE MODEL SCALE {,}
Length (X _=434.643 to $70) 235357 7.06071
k
Mox Width (G Xo=513.227) 152.412 4.57236
Mox Depth (2 X,=465.0) ' 25.000 0.95000 i
> "
-

 Fineness Rotio
Areo
Mext Cross=-Sectional

Plonform

Wetted

8ase

29
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MODEL COMPONENT:

TABLE IlI. - Continued.

ELEVON - Egg '

GENERAL DESCRIPTION: Confizurztien 4

NOTE: VL70-00C400 dntz for (1) ef (2) sides. Identical to Eag except

airfoil thickness

Model Seale =  .630

DRAWING KUMSER:

" YL70--055 200
VL70-00C1L40 8

OIMENSIONS ;

. .. Tatling Edge

FULL-SCALE
Area 223.5814 .
Span (equivalent) ' 368.34
Inb'd equivalent chord : . 1i9.623
Outb'd equivalent chord . 55.1922
Ratfo movable surface chord/ -
total surface chord
At Inb'd equiv. chord ' 0.209
At Outb'd equiv, chord 0.400%

Sweep Back Angles, degrees
..,  Leading Edge . 0.00

.
® e .o .

) .' ”‘:- -10. 656

Hingeline 0.00

Area Moment (Normal to hinge line) 851.1502

30

MODEL SCALE

0.20122

1105020

3.58869

A.68377 .

0.2Q96

A—

0.4004

~'0.0°

-eas

" -10.056

0.00

2.76604




" TABLE I11. - Continued.

()
- MODEL COMPONENT:  Body Flap - Fo
GENERAL DESCRI PTIQN: Zonfi~urntion 4
Model Scale o .030 .
DRAWING NUMBER _VL70-0001408, VL70-000200
OIMENSION: ’ . , FULL SCALE  MODEL SCALE
Llength in. . 4.7 2.5,
Mox Width  in. . 262.308 7.86924
Mox Depth  in. . ‘ . 23.000 6004
Fireness Ratio : ]
Arec - ft?
- Max Cross-Sectional
’ . e ———— [—
Plonform : - 168.85350 0.14297
Wetted
Base 41.89642 " 0.03771
ORIGINAL PA(
_OF POOR QUAUE

3
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TABLE III. - (ontinued. ’
MODEL COMPONENT:  OMS POD - My :
—
GENERAL DESCRIPTION: nerfiguretion 3A
Model Scale = .030,
" DRAWING NUMBER sy
DIMENSION: FULL SCALE  MODEL $7a:f
Length (O'S Fwd Ste X =1233.0) - Ii. 327.000 9.810
‘Max Width (@ Xo=1450.0) - 1%, 9.5 2.8350
M“ mpth (@ X°=M93.0) - IN. 109.0w ‘_.:',ﬂ
Fineness Ratio i
Areo
"~ Max Cross=Sectional o .
Planform
Wetted
Base
. / .
, ' 32
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TABLE III. - Continued. )
0 MODEL COMPONENT: Dok NOZZLES - Npg

GENERAL DESCRIPTION: Confisuretion 3A BSEM Mozzles _
Model Scale = ,030 )
172-0C0C224
DRAXING NO. Xn g-occmé.x
DIVENS IONS ' FULL-SCALE MODEL SCALE
DIAMETER DEX ~ IN (One Nozzle) 1.3 4.2390
DIAMETER DT ~ IN
DIAMETER DIN ~ IN ~
ON ~DEGREES
AREA - FT< (One MNozzle) ;
o ;'ﬁ
MAX CROSS-SECTIONAL 108.89595 0.09801
SIMBAL ORIGIN Xo_ Yo 2,
LEFT NOZZLE ~ IN. F.S. 2825.3 -243 4o
5 RIGHT NOZZLE ~ IN. FS 1825.3 +243 Lo !
NULL POSITION - DZG. PLICH YAW
LEFT NOZZLE 48 48

RIGHT NOZZLE 8 +8

b
33
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TABLE !il. - Continued. ‘

MODEL CoMPONENT: NOZZLES - Npg

oJ

GENERAL DESCRIPTION: “onfisurstion 37 O Nozzle ’

V.ode}_Scazlc = 030

DRAWING MO, V1.70-0001404

DIMENS IONS | FULL-SCALE MODFL SCALY.
MAGH NO,

DIAMETER DEX ~ IN (Cne nozzle)

DIAMETER DT ~ IN ,

DIAMETER DIV ~ IN -
ON ~DEGREES |

" ARBA - Ft2 (one nozzle)
MAX CROSS-SECTIONAL

GIMBAL ORIGIN % Yo -
IEFT NOZZLE ~ IN. 1518.0 -88.0 492.0
RIGHT NOZZLE ~ IN. 1518.0 +88.0 492.0

_ NULL POSITION PITCH YAM
LEFT pozre (Mull Pitch 15°49'; a‘ﬁg'gn- +g° m‘y
RIGH? NOZZLE (Mull Piteh 15°49): Yaw 12017'  25° 13°17 o1t

OUT3'D) == 2017 Ry

PSR -



TABLE III. - antinued.

1 e P %

- )T " MODEL COMPONENT: _ RUDUER - Rg

GENERAL OESCRIPTION: 2R, 2 end 3A Configurdtion per Rockwsll Lines
¥1.70-000095 '

Model Scale = 030 j

. DRAWING NUMBER: VL70-000095

" DIMENSIONS:

.

FULL -SCALE MODEL_SCALE
Area - FT2 108.38 0.09574
Span (equivalent) - IN. gg;',g 6.0300
Inb'd equivalent chord 91.585 2.7478S
Outb'd equivalent chord 50,833 . 1.52499
. Mabto vorabie curfuck chard)
At Inb'd equiv. chord ___0,400 0.400
At Outﬁ'd equiv. chord 0.400 0.400
Sweep Back Andles, degrees !
Leading Edge 9. 83 14,82
Tatling Edge 26,35 2,28 .
Hirgeline ' 15;93 34,83
Area Moment (Normal to hinge line)- FI3 _ 526,13 0.01420
Product of Area and Mean Chord
iy




TASLE I11. - Continued.

MODEL COMPONENT:  BOOSTER SOLID ROCKET MOTOR - Sjg

CGENERAL DESCRIPTION:  Configuration 34, Date for (1) of (2) sides,

per Rockwell Lines Y177-00202464

Model Stale = .030

VL72-000C28A

DRAWING NUMSER ) VL?7-000036A
DIMENSION: - X , FULL SCALE  MODEL :CAL:
" " Length (Includes.lozzle) - IN. . 1741.0 52.2300
Mox Width (Tark Dia) - IN. 142.3 4.2690 .
Mox Depth (Aft Shroud) - IN. 192.0° 5, 7600
Fineness Ratio 9.06771 ” ¢.06771.
Area - FT2 '
Mox Cross-Sectional ©_ 201,06193 _ 0.18096
Plonform .
Wetted
Base .
WP of BSRM Centerline (z7) - IN. 400 12.000
FS of BSRM Nose (Xp) - IN. 200 6.000

36
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TABLE I1I. - Continued. .

’ ‘ EXTER -
MODEL COMPONENT: NAL TANK - T,,

GENERAL DISCRIPTION:  Exterrsl Oxysen Hydrogen Tank

NOTZ: Icentical to T1l with external fuel lincs added

Model Seale = _q3q

-~ VL78-000031A
DRAWING NUMBZR . —_VL78-CO0DL1A
DIMENSION: . . ° _ FULL SCALE  MODEL SCAif
Length - IN. (Mose @ Xp = 309) 1865 55.95
Mox Width (Dia) - IN. 32 9.72
Mox Depth ’ .
Fineness Ratio ' o 5.75617 __5.75617
‘Area - FT2 . ' ‘
Max Cross-Sectional © 572,555 ____.51is,3
Planform
Wetted
Base ) '
WP of Tenk Centerline (X) - IN. - _400.0
:
37

P




USSR
———e e
rr——
dntt—
e
PRORIURI

TABLE IIl. ~ Continued.

MOOEL COMPONENT: VERTICAL - Vg |
b

GENERAL DESCRIPTION: Confiouraticn 34 J *

NOTE: Similer to V5 with radius on T% ugier crrner énd IT louwer ccrner

where vertical meets fusgelara,

Model Scale = 2030

¥ L70-000140n

DRAMING NUMBER: © _YL70-0001LEA
DIMENS JONS ¢ FULL-SCALE MODEL SCALE
TOTAL DATA , i
Area gTheo) Fe2 . 513,253 _0.x7193
s- P(?gfbl)'m f . o ]
pan (Theo) In : 15.720 ;
Aspect Ratio - £ ~LA7150
Rate of Taper 0.507_ = _0.57 :
Taper Ratio ' 0,40399 0.40399
Sweep Back Angles, degrees : P ;
Leading Edgs oo __45.00 45,00
Trailidg Edge 25,947 <94 /
o rg.zs Element Line - £1,130 41,1300 ;
ords: . . 1
Root (Theo) WP - 268,500 :
Tip (Theo) WP 108,470 254
MAC ' 075 5.99423 :
Fus. Sta. of .25 MAC 11,63,50 43.9050 ;
B, 1; of .25 MAC Sz L0
® 1 4 ° L] .
Afrfoil Section —0 —08 e :
Leading Wedge Angle Deg ' 10.00 10.90
Trailing Wedge Angle Deg 14,920 14,920 :
‘Leading Edge Radius (iin) - IN, 2,00 0.060
Void Area 13,17 .01185 '
. Blanketed Area 0,00 0,00 ;
‘ !
:
¢

mnﬁ

ﬂﬁ‘“m @m

0" pOCE: ) )
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uIhe TABLE III. - Concluded. . St et
MODEL CONPONENT: _ MING - Wy46 ‘

GENERAL DESCRIPTIC!‘ COnfiguratiou 4

* NOTE: Identical to Wi14 except airfoil thickness. Dihcdral angle is slong

trailing edge of wing. ’
Model Scale = 030 ' A
TEST MO, - * oHG. NO._VE79-000308°
DIMENSIONS: © . .7 " FULL-SCALE  MODEL SCALE
TOTAL DATA . ' |
Area (lheo,) Ft , :
- Planform : X . 2680.00 __2.4210 :
Span (Theo 1In, . : 936.6816 28.10045 :
Aspect Ratio RS 2,265 2,265
Rate of Taper ) —1.177 7 ‘
Taper Ratio %,2%% 0.200 i
Dihedral fagle, degrees(at Xo=1506.623,Y,= 3,500
Incidence Angle, degrees 105, Zy= 282.75) 0.500 0.500
: Aerodynamic Twist, degrees . 43,000 +3,000
Sweep Back Angles, degrees ) . : : -
Leading Edge "~ 45.00 45.00
Trailing Edga . : =10.056 ~10.U56
. 0,25 Element Line 35,209 . 35,209 -
T et (Theo) B.9.0.0 ' " 6892429  20.67229
neo o eUelUy 689,242
Tip, ﬁ'l’heo; B.7. 1378486 4,13546
MAC . C Aesz. 1424435
Fus. Sta, of .28 MAC = .- : ‘iéf g%] 33,80163
“ “opc of 025 MAC . o 0 _wm
B.L. of .25 MAC : s T .. 187,33491 5,62005
Wsmsso theo) R T s 1.63010
ea {ineo ) ct : .22 .63
. Span, (They) In, BP108 -~ .- ' 7736.6816 2710033 :
Aspect Ratfo o . . 2,058 2,058 :
Taper Ratio T t . 0,2451 0,245} ;
oot apl08 . T | sp0.6230  _17.11869 ;;
Tip 100 b ' TN ¥ A T3 I |
| . MAC ' ©o 7 354,2376 10.62713 :-
- Fus, Sta, of .25 MAC © 1164,237 3492711
. g t. ow; ‘§§ :".Alg . 292,00 825000 :
. oo OT / ) Z§2=§ZZSQ 2.19034 :
Mrfoﬂ Section (Pockwell Mod NASA) . : :
XXXX~G64 : : : ;,
Root b = 0.425 S c 0.113 0.113
’ ﬂp%- "1.00 S _0.12 0.12 ’H’
. * " '
Data for (3 of (2) ai?cs
eading Edge Cuff
blanfo?m Area  Ft2 - 3T o.ineso. '
~ Leading Edge Intersects Fus M, L, @ sta §05.0 15.150Q0
Leading Edge Intersects Wing O Sta 1003.5 -30.10500
‘ ‘,r' ‘ 39
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TABLE VII. - ORBITER BASE, BODYFLAP, AND OMS NOZZLE PRESSURE

ORIFICE LOCATIONS
ORBITER BASE

] ORIFICE
LOCATION ' _NUMBER
Orbiter Sting Cavity 1
Crbiter Base (Lower Left Corner) 2
OMS Nozzlé Base 3
data in datasets RB3CXX
RUDDER FLARE BASE BODY FLAP
RUDDER LA '\'Zo X/Cv ORBITER Vv Xo @~ Deg
FULL MODEL .75 FULL | MODEL 0 40
725 18.75 4 1555 46.65 169 170
- oppeTr
63 1 a.718 3 1590 {47.70 | 173 | 174
data in datasets RB3CXX Lower
1590 | 47.70 171 | 172
data in datasets RB3FXX
LEFT OMS NOZZLE SURFACE
XV IN. FWD.
NOZZLE EXIT @ ~ DEG.
FULL MODEL 135 180 225
10 .30 175 17¢ 177
20 .60 178

data in datasets PB3EXX
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TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS

X Full
Scale 1103 1093 1083 1073 1063 1053 1043
XT Model ,
Scale 33.09 320 79 320‘&9 32019 31089 31059 31029
XT/].T . h?l; ou9 00,613 01608 .h02 . 397 . 391
g
DEG.
68y 676 €68 660 182.84
FiD
ATTACH 685 677 669 661 186.38
POINT
(ORBITER| 686 678 670 662 655 189.92
TO E-T)
687 679 671 663 656 652 193.46
68s 680 657 653 651 197.0
689 681 673 665 658 654 200,54
690 682 674 666 659 204,08
691 683 675 667 207.62

data in datasets RB32XX
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TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATION - Continued.

FULL | yam: ]
F"scm.e 187, | 1864 | 1854 | 18u4 | 1834 | 1824 | 1814

be;gREIé 56.22 | 55.92 | 55.62| 55.32| 55.02| 54.72| 54.42

L% r‘—ﬁ

Xep/ g .839| .83 | .828 | .e23| .s18| .ex12| .207

o~
DEG.
719 713 707 222.84
FWD 720 714 708 701 226.38
DRAG
LINK 721 718 709 702 696 229.92
ATTACH
POINT 722 710 703 697 693 233.46

7004 698 694 692 237.00

699 695 240.54

723 718 712 706 700 244.08_1

data in datasets RB32XX
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g TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATION - Concluded,
F L
Xp Fﬂkks 2078 | 2068 | 2058 |2048 |2038 | 2028 | 2018
X.. MODEL
T scate| 92-34| 62.04 | 61.74 [61.44 |61.14] 60.84] 60.54
Xp/ 4y .48 | .943 | .938 |.932 |.927 | .021 | .016
® ~ DEG.
777 | 766 734 234.04
778 | 767 755  |742 237.58
779 | 768 756  |743  |732 241.12
AFT 780 | 769 744 {733 | 726 244.66
UPPER
- ATTACH 781 | 770 745  |734 | 727 | 724 248.2
o
746 |735 | 728 251,74
h 771 759 |747  |736 255.28
782 | 772 760 323.51
783 | 773 761  |748 327.05
_ { 784 | 774 762 {749 |737 330.59
AFT
-+, LOWER 785. | 775 750 738 | 729 334.13
. ATTACH
786 | 776 - 751 (739 | 730 | 725 337.67
752 740 | 731 341.21
765 753|741 344.75 J

data in datasets RB32XX
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b. Orifice location nomenclature diagram

- Concluded

Figure 1.
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Body flap, Fg, lines drawing VL70-000140A/8
Figure 2. - Continued
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Elevon, Eyg»> lines drawing VL70-000200, VL70-000140 A/B
Figure 2.
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1. Elevon, Erge 1ines drawing VL70-000200, VL70-000140 A/B

Figure 2. - Continued
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